Background: We evaluated the ability of CA15-3 and alkaline phosphatase (ALP) to predict breast cancer recurrence.
introduction CA15-3 is a mucin belonging to a large family of glycoproteins encoded by the MUC 1 gene [1] that are heterogeneously expressed on the apical surface of normal epithelial cell types, including those of the breast [2] . CA15-3 is elevated in a proportion of breast cancer patients with distant metastases. Though current American Society of Clinical Oncology [3] and National Comprehensive Cancer Network [4] guidelines do not recommend its use for surveillance purposes, elevated CA15-3 is used to anticipate detection of recurrences in patients with breast cancer [5] , and as an additional tool in evaluating therapeutic response of advanced disease [6] . Preoperative levels of CA15-3 have a significant and independent relation to outcome in patients with early breast cancer. Patients with high concentrations have a significantly worse prognosis than those with low concentrations, both in terms of disease-free survival and overall survival (OS) [5, [7] [8] [9] [10] [11] , probably due to a larger burden of occult disease. CA15-3 measured during follow-up has been consistently shown to predict liver and bone metastases [12] . This is biologically plausible, since in many adenocarcinomas, mucins are aberrantly overexpressed throughout the cytoplasm and on the cell surface in an underglycosylated form, and then shed into the circulation [13] [14] [15] . Disease progression can therefore be accompanied by increased presence of large glycoproteins in the serum [16] . CA15-3 has been shown to be an independent predictor of first recurrence in multivariate analyses, and a powerful prognostic indicator in patients with advanced breast cancer [17] , but its role in monitoring patients with no overt disease has not been established [18] [19] [20] .
Alkaline phosphatase (ALP) is a serum enzyme whose total levels reflect the combined activity of several isoenzymes found in the liver, bone, kidney, and intestinal lining. The skeletal isoenzyme originates in osteoblasts that release large amounts of the enzyme when bone repair activity occurs, for example with bone metastases. In cancer patients, ALP is a sensitive indicator of mild biliary obstruction, thus being a very sensitive indicator of liver progression. In a study conducted by the International Breast Cancer Study Group (IBCSG), ALP, aspartate transaminase (AST) and c-glutamyltransferase (GGT) were examined for their sensitivity in detecting breast cancer recurrence. ALP alone was abnormal in a high proportion of breast cancer patients with bone metastases and/or liver metastases, and was more effective than AST and GGT in distinguishing patients with relapse from those without [21] .
In this retrospective analysis, we evaluate the ability of CA15-3 and ALP to predict breast cancer recurrence when used alone and in combination.
patients and methods patients A total of 5961 eligible patients entered IBCSG trials VIII [22] and IX [23] , and trials 11-15 [24] [25] [26] [27] from 1988 to 2000. At the time of the present analysis, all patients had completed their primary treatment. Table 1 summarizes the trials included in the analysis. Informed consent was required according to the criteria established within individual countries. The trial protocols were reviewed and approved by local institutional review boards.
Clinical, hematological, and biochemical assessments for each patient were required every 3 months for the first year, every 6 months for the second year, and yearly thereafter. Assessments included ALP, aspartate aminotransferase, GGT, bilirubin, calcium, and creatinine, which were recorded on the forms as normal, abnormal, or equivocal. The measurement of CA15-3 (U/ml) was optional, but strongly encouraged at yearly intervals. Mammography of the contralateral breast (and conserved breast, if applicable) was carried out yearly. All study records (initial data, treatment, toxicity, and recurrence) were reviewed centrally by the data management and medical staff.
The primary outcome was relapse-free survival (RFS), defined as the time from randomization to the first breast cancer recurrence, not including original article Annals of Oncology second nonbreast malignancies. Secondary end points included time to first bone recurrence, time to first liver recurrence, and time to first nonliver visceral recurrence. Elevated CA15-3 and/or ALP levels were not defined in the protocol as criteria for defining recurrence. CA15-3 values (assessed locally) were classified as abnormal if >30 U/ml or if >50% greater than the first CA15-3 value recorded for the patient. The cut-off of 30 U/ml was determined before looking at the data and was chosen to be consistent with other studies [5, 8, 10, 17, 28] . Only patients who had both CA15-3 and ALP measured at least once any time during their RFS period (i.e. before first recurrence, or before last follow-up visit if no recurrence) were included in the analyses.
statistical analyses
All analyses were generated for CA15-3 alone, ALP alone, and for CA15-3 and ALP used together (either abnormal and both abnormal). A Cox proportional hazards regression model was fit with RFS as the outcome and a time-varying indicator for whether or not the biomarkers were abnormal as the covariate. For a fixed time point t (where t < RFS time), the timevarying indicator was assigned a value of one if one or more measurement up to time t was abnormal, and a value of zero if all measurements up to time t were normal. Time-varying Cox model analyses were generated in lieu of sensitivity-type analyses to take into account the time to event, and to ensure that patients with similar follow-up time were compared in the analyses. Cox model analyses were also generated for each of the secondary end points. Analyses were conducted using the SAS system (SAS Institute Inc., Cary, NC) version 8.2.
results
Of the 5961 patients in these studies, 1717 patients (29%) lacked either CA15-3 or ALP measurements leaving 4244 patients who had both biomarkers measured at some time point (Figure 1 ).
Analyses were on the basis of 3953 patients who had one or more measurements of both CA15-3 and ALP during their RFS period. The vast majority of patients had two or more consecutive CA15-3 measurements taken within 1 year, and over half of the patients had two or more consecutive measurements within 6 months. The analysis patients had 27341 CA15-3 values reported; 4196 (15%) values were abnormal, of which 2728 (65%) were >30 U/ml. Among the remaining 1468 abnormal values £30 U/ml (defined as abnormal on the basis of >50% increase from the first measurement), 66% were >15 U/ml. The first CA15-3 value was recorded at or within 1 year after randomization for 2649 analysis patients (67%), of whom 1183 (30%) had a value at their first follow-up visit (3 months after randomization). A total of 40440 ALP measurements were recorded, of which 935 (2%) were abnormal.
Breast cancer recurrence was reported for 784 (20%) patients included in the analysis. Table 2 gives the sites of first recurrence according to whether or not a patient had one or more abnormal CA15-3/ALP value during their RFS period. For both biomarkers, distant recurrences were much more frequent among patients with one or more abnormal biomarker value compared with patients who had only normal values (or normal and/or equivocal values for ALP). The frequency of distant recurrence in the bone and liver was particularly greater for patients with one or more abnormal ALP measurement. For both CA15-3 and ALP, the proportions of local, contralateral breast, and regional recurrences were similar (<5% difference) between patients with one or more abnormal biomarker and those with only normal values. Figures 2 and 3 show the cumulative percentages of abnormal, normal (and/or equivocal for ALP), and missing biomarker values over time for patients without and with an event, by end point. Of the 3014 patients alive and without a recurrence or second (nonbreast) primary, 929 patients (31%) had one or more abnormal CA15-3 value during their follow-up, and the percentage of patients with abnormal values was more or less constant over time (Figure 2 ). By comparison, of the 784 patients with a recurrence, 574 patients (73%) had one or more abnormal CA15-3 value at any time, while 274 (35%) had one or more abnormal CA15-3 value before recurrence. Beginning around 6 months before recurrence, the percentage of patients with an abnormal CA15-3 value increased ( Figure 3, 1st column) . For patients with a bone, liver, or nonliver visceral recurrence, the increase began even earlier, 1 year before recurrence. Since the measurement of ALP was a requirement in IBCSG trials, fewer patients had missing values at any given follow-up visit. Of the 3014 patients without a recurrence, 195 patients (6%) had one or more abnormal ALP measurement during their follow-up (Figure 2 ). By comparison, of the 784 patients with a recurrence, 293 patients (37%) had one or more abnormal ALP measurement at any time, while only 35 patients (4%) had one or more abnormal ALP measurement before recurrence. The pattern of abnormal ALP values over time was difficult to determine because so few patients had an abnormal measurement. Even so, an increase in the proportion of patients with abnormal ALP was seen 1 month before recurrence, particularly in patients with a liver recurrence (Figure 3, 2nd  column) . The frequency of abnormal ALP did not greatly increase before a first bone or nonliver visceral recurrence. Table 3 gives the results of the time-varying Cox model analyses for each end point. Abnormal CA15-3 value was associated with almost a two-fold increase in the risk of a recurrence (P < 0.0001), while abnormal ALP was associated original article Annals of Oncology with only a 4% increase in risk, which was not significant. The risk of bone, liver, and nonliver visceral recurrence were significantly increased for patients with abnormal CA15-3. The predictive value of ALP was greatest for liver recurrence, but was not significant for any site.
Time-varying Cox model analyses with both CA15-3 and ALP used in combination yielded greater predictive ability for RFS than either biomarker alone. The appearance of an abnormal value for either biomarker resulted in more than a three-fold increase in the risk of recurrence (P < 0.0001). The appearance of an abnormal value for both biomarkers resulted in more than a six-fold increase in the risk of a recurrence (P < 0.0001). For bone, nonliver visceral, and especially liver recurrence, the use of both biomarkers together (either abnormal and both abnormal) resulted in a greater ability than either marker alone to predict recurrence. discussion CA15-3 has been shown to be highly sensitive for distant metastases, especially in the bone and liver [29] [30] [31] , but not sensitive for locoregional or contralateral breast cancer [32] . ALP has consistently been shown to predict bone metastases, and to some extent liver metastases, as expected on the basis of its biologic activity. While some studies have reported fairly high sensitivity of ALP for bone and overall metastases detection, these studies included the use of specific isoenzymes in addition to total ALP [33] . A challenge for this study of CA15-3 and ALP was the definition of abnormal. The IBCSG trials collected CA15-3 as a value, but there is currently no clear clinical cut-off for considering CA15-3 abnormal; cut-offs in other studies have varied from 22 to 60 U/ml [34, 12] . The choice of the cut-off to classify CA15-3 could indeed affect conclusions; a lower cut-off would likely decrease predictive value, while a higher cut-off may increase predictive value. For ALP, the IBCSG trials collected whether the marker was abnormal, normal, or equivocal (with normal and equivocal combined to make up the referent group), and no specific enzymes were measured.
RESULT
The results of our analyses indicate that abnormal CA15-3 signals a significant increase in the risk of breast cancer recurrence. CA15-3 was a better predictor than ALP of recurrence in all sites examined. While ALP was not a significant predictor of recurrence, the analyses were likely underpowered, due to the low prevalence of abnormal ALP measurements (<10%).
When the biomarkers were used together the predictive value was greatest. Though ALP had an inferior predictive value than CA15-3, it increased predictive value when used with CA15-3, especially for liver recurrence. Thus, given it is a relatively inexpensive test to run, it is sensible to continue the use of ALP along with CA15-3 to monitor the risk of recurrence. Our findings support the results obtained by Buamah et al. [29] , who found that predictive value of CA15-3 used in combination with carcinoembryonic antigen (CEA) (i.e. abnormal, defined as both biomarkers being abnormal) was augmented when ALP was also included. Ritzke et al. [33] found that, among breast cancer patients in the adjuvant setting, ALP isoenzymes in combination with CA15-3 led to the greatest sensitivity and positive predictive value (PPV) for bone metastases, while ALP isoenzymes in combination with CEA led to the greatest sensitivity and PPV for liver metastases. In our analysis, CA15-3 appeared to signal recurrence 5 months earlier than ALP, indicating that these markers may be yielding different information on the risk of a recurrence. This assertion is further supported by the fact that, at each follow-up visit, fewer than 15% of patients who had both biomarkers measured at that visit had both biomarkers abnormal.
We encourage caution in extrapolating these results to a general breast cancer population. Our analyses excluded patients who did not have CA15-3/ALP measured before the event of interest or last follow-up visit. Thus, very high risk patients who had a recurrence shortly after randomization were more likely to have missing biomarker measurements, and thus more likely to have been excluded from the analyses. Because CA15-3 was more frequently obtained for the more recently conducted trials, we found that the median follow-up and percentage of patients with recurrence was greater for patients with no CA15-3 values reported than for those who had one or more CA15-3 value reported at any time on the study. By contrast, the median follow-up and percentage of patients with a recurrence was lower for patients with no ALP measurements than for those who had at least one ALP measurement. These findings show the change in practice of IBCSG investigators over the years (ALP was measured early on, but partially replaced over time by CA15-3), and challenge the generalizability of the results. Furthermore, a high CA15-3 value may have stimulated the physicians to more aggressively order confirmatory tests for recurrence, compared with action taken for patients with negative CA15-3 or with no assessments at all. In this case, at least some of the effect observed would be due to CA15-3 increasing the chances that a recurrence was proven (and therefore counted as an event). However, we found that the percentage of patients with one or more CA15-3 measurement was similar among patients with and without recurrence, indicating that any differential bias was likely limited in magnitude.
Routine follow-up programs after primary therapy for earlystage breast cancer vary. In an era of increasing financial constraints, physicians are critically reevaluating various clinical practices that have not been shown to be cost-effective or associated with definitive patient benefit [35] . Our analyses show explicitly that the appearance of an abnormal CA15-3 and/ or ALP measurement is associated with an increased risk of definitive recurrence. It is possible that early detection of overt distant metastases for patients who undergo proper local and systemic adjuvant therapy, however, does not provide a known benefit, as compared with reliance on detection of symptomatic disease [36] [37] [38] [39] [40] . Since our analysis focused only on predicting breast cancer recurrence, whether the routine use of these biomarkers improves OS remains an open question [3] .
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